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Editors note 


Water. We drink it, cook and clean with 

it and use it in the manufacture of nearly 
everything. Nothing is more vital to our 
existence—nothing is more central to life 
on our planet. 


Water is one of our University's four 
main research thrusts. The Water 
Desalination and Reuse Center Is 
focused on the development of new 
and optimized methods for low-energy 
water desalination and water reuse. The 
Red Sea Research Center is dedicated 
to understanding the stress experienced 
by marine ecosystems caused by 
overfishing, coastal development, global 
climate change and more. The Advanced 
Membranes and Porous Materials 
Research Center studies the production 
of potable and industrial water. 


This issue of The Beacon hints at justa 
fraction of the knowledge our institution 
holds and generates about water. We've 
highlighted a few examples we hope 
youll find engaging. We explore how 
water Is collected, purified, consumed 
and recycled in our community. We look 
to experts on campus to see some of the 
latest water-related research, and we 
go beneath the waves with some of our 
marine scientists to explore what clues 
the Red Sea holds to adaptation in the 
global oceans to changes 

in climate.e 
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In brief 


Members of the KAUST research community and 
external industry partners and Saudi universities 
attended the recent KAUST Catalysis Center 
(KCC) symposium entitled “Catalysis for Artificial 
Photosynthesis,” which ran from February 1 to 

3. KAUST speakers included Kazuhiro Takanabe, 
Jean-Marie Basset and Omar Mohammed. For 
more information, visit www.kaust.edu.sa/ 
events/kcc-2016. 


On February 7 through 9, KAUST representatives 
attended the 2016 Saudi Water and Electricity 
Forum in Riyadh. Speakers included Managing 
Director of KAUST Solar & Photovoltaics 
Engineering Research Center Marc Vermeersch 
and Deputy Vice President for Innovation & 
Economic Development Tristan Walker. 


On February 17, the KAUST community enjoyed a 
Sci-Cafe featuring Professors Charlotte Hauser, 
Husam Alshareef and Lance Li. The interactive 
discussion between KAUST scientists and 
community members addressed the question 
‘how do we innovate materials?’ The event was 
moderated by Gordon McConnell, manager of the 
University’s Entrepreneurship Center. 


On Wednesday, February 24, Boeing, in 
collaboration with the KAUST Industry 
Engagement Office, held a panel discussion to 
celebrate the “Global Day of the Engineer.” The 
panel, which included Dr. Naveed Hussain, Boeing 
vice president of aeromechanics technology, 

Dr. William Lyons, Boeing director of global 
technology, and Professor William L. Roberts, 
director of the Clean Combustion Research 
Center at KAUST, discussed the important roles 
of scientists and engineers and the amazing 
innovations they create. 





On February 24 and 25, KAUST welcomed 
representatives from the University's industrial 
and scientific partners to the campus for the 
seventh annual KAUST Industry Advisory Board 
(KIAB) meeting. 


Keynote speakers and delegates from academia, 
governmental laboratories and industry will attend 
the 2016 Future Fuels Workshop organized by 
the Clean Combustion Research Center (CCRC) 
from March 7 to g. The workshop will encompass 
a wide spectrum of cutting-edge technologies 
relevant to fuel production, utilization and global 
sustainability, with an emphasis on low-grade and 
alternative fuels for transportation and stationary 
power sectors. 


KAUST and the U.S. National Science Foundation 
(NSF) have jointly organized a conference 

taking place from March 14 to 16. The event will 
assemble leading subject matter authorities on 
electronic materials, devices and systems for 
a sustainable future, and has been organized 
by Muhammad Mustafa Hussain, associate 
professor of electrical engineering, with financial 
support from the KAUST Office of Sponsored 
Research and co-sponsored by NSF, KAUST 
Industry Collaboration Program and CEMSE. 


The Industry Engagement Office, in collaboration 
with Graduate Affairs and Saudi Initiatives, will 
host its seventh annual KICP career day on 
Thursday, March 17, from 1:30 to 4:30 p.m. in 
the Museum and Conference Center (bldg. 

19). For more information, visit https://kaust. 
collegiatelink.net/organization/ KICP_2016. 











= = Fe & = ._ Bb 


\ ~ad 
JL NS 


session bi: Localisation of Indus 
and Services: A Collaborative Ay 
Bisuiindg they Capansion of Local 


aA 
ENRICHMENT 
IN THE SPRING 


Exploring Innovation 





r f [evs rowesy\ 








APRIL © > 


22-30 
2016 


The 2016 Spring Enrichment Program will take 
place from April 22 to 30. This year's theme is 
‘Exploring Innovation.’ Stay tuned to http:// 
thelens.edu.sa for complete event information. 


The Seventh Annual Talent Show will be held on 
Thursday, April 28 in the Auditorium (bldg. 20) 
from 7:00 to 9:15 p.m. Preliminary auditions for 
the Talent Show will be held in the Al-Khawarizim! 
(bldg. 1) multipurpose room on Sunday, April 10 
from 5:30 to 8:30 p.m. An online registration form 
will be available from Sunday, March 13 onward 
on the Arts Office website. 


KAUST community members are invited to 
Submit original works of art for display in the 
University Library as part of the Artists of KAUST 
2016 Exhibit. The exhibition will open with a 
reception on Wednesday, April 20 and will 

run until Tuesday, May 3. Creators of paintings, 
photography, textiles, jewelry, sculpture 

and ceramics are all welcome to apply. The 
event Is sponsored by the Office of the Arts, in 
collaboration with the University Library. 


Faculty and research scientists are invited to 
participate in the 2016 Saudi Research Science 
Institute (SRSI), a summer research internship 
program for academically talented high school 
students. SRSI 2016 will run from July 16 to 
August 27. Prospective mentors must offer 
suitable five-week projects in the science, 
technology, engineering and math (STEM) fields 
that give the students a chance to experience 
research at KAUST. For more information, contact 
srsi@kaust.edu.sa.e 
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Accolades 


1. Mohamed-Slim Alouini is KAUST 


professor of electrical engineer- 
ing and associate dean of the 
University's Computer, Electrical 
and Mathematical Science and 
Engineering Division. 


2. KAUST Ph.D. student Luca 
Fortunato won best oral presenta- 
tion award at the 8th International 
Desalination Workshop in South Korea 
in late 2015. 


3. Jean-Luc Bredas, KAUST distin- 
guished professor and director of the 
Solar and Photovoltaic Engineering 
Research Center (SPERC), will attend 
the 251st American Chemical Society 
(ACS) National Meeting in March 

to receive a 2016 ACS Award in the 
Chemistry of Materials. 
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Mohamed-Slim Alouini 
honored by the Institute 
of Electrical and 
Electronics Engineers 


Mohamed-Slim Alouini, KAUST professor 

of electrical engineering and associate dean 
of the University's Computer, Electrical and 
Mathematical Science and Engineering 
Division, has been honored as a 2016 
Distinguished Lecturer by the Institute of 
Electrical and Electronics Engineers (IEEE) 
Communications Society. He was honored 
along with a diverse group of global academic 
leaders for addressing spectrum scarcity 
through optical wireless communications 
and pushing the envelope of wireless sensor 
networks. 


IEEE Distinguished Lecturers are engineering 
professionals who lead their fields in new 
technical developments that help shape the 
global community. The experts specialize in 
the field of interest of their society or council, 
and as a result of their designation, they travel 
to various technical and regional groups, 

such as society and technical council chapters, 
to give lectures on their respective areas 

of specialty. 


Alouini received his Ph.D. in electrical 
engineering from the California Institute of 
Technology (Caltech) in 1998. He served as a 
faculty member at the University of Minnesota 
and at Texas A&M University in Qatar before 
joining KAUST in 2009. Alouini currently 

leads the Communication Theory Lab, 

where he heads research into the modeling, 
design and performance analysis of wireless 
communication systems. Visit httos://ctLkaust. 
edu.sa to learn more about Alouini and his 
team's work.e 


Ph.D. student honored 
at Korean International 
Desalination Workshop 


KAUST Ph.D. student Luca Fortunato from the 
University’s Water Desalination and Reuse 
Center (W/DRC) won best oral presentation 
award at the 8th International Desalination 
Workshop (IDW) in November 2015 in Jeju, 
South Korea. 


Fortunato's presentation was entitled “A novel 
approach for spatially-resolved quantification 
of biofouling in membrane systems using 
optical coherence tomography (OCT) and 

3D image analysis.” He is advised by KAUST 
Professor TorOve Leiknes, director of the 
WDRC. 


“The IDW was initiated a number of years ago 
by one of the key research groups working 
on desalination In Korea, and is a major 
conference event in the desalination field,” 
Leiknes said. “Since the inauguration of the 
WDRC, we have had a close collaboration 
with desalination colleagues in Korea. A key 
area of our research is membrane biofouling, 
a challenge in all membrane filtration systems. 
Luca's excellent presentation focused on 
fundamental studies of biofouling and 
impressed and engaged the IDW research 
community.’ 


“It was a great honor for me to receive 

the award for the novelty of my research,” 
Fortunato stated. “| came to KAUST two 

years ago from Italy, and my experience 

here has been nothing but positive. KAUST 
gives me the opportunity to meet and 

discuss my research with people from 
different backgrounds from all over the 
world—this opens the mind and allows for the 
development of multidisciplinary projects."e 





Jean-Luc Bredas receives 
American Chemical Society 


Award in the Chemistry 
of Materials 


Jean-Luc Bredas, KAUST distinguished 
professor and director of the University's 
Solar and Photovoltaic Engineering 

Research Center (SPERC), will receive a 2016 
American Chemical Society (ACS) Award in 
the Chemistry of Materials at the 251st ACS 
National Meeting in San Diego, California (U.S.) 
on March 15, 2016. 


Bredas was appointed as director of 

SPERC in January 2014, and has conducted 
groundbreaking theoretical research into new 
organic materials that can be exploited for 
novel generation of devices based on organics 
used as semiconductors. His research group 
at KAUST aims to understand the electronic 
and optical properties of these promising 
organic materials, with a focus on applications 
in the fields of electronics, photonics and 
information technology. 


The ACS award is sponsored by the American 
chemical company E. |. du Pont de Nemours 
& Co. (DuPont). It was established by the 
company In 1988 to commemorate the 

50th anniversary of the commercialization 

of nylon and the discovery of Teflon, and 

also recognizes outstanding achievements 

in the field of the chemistry of materials. 
Considerable emphasis is also placed on 
nominees’ work as mentors and colleagues to 
their fellow researchers. 


The ACS National Meeting & Exposition aims 
to give a greater understanding of the role 
chemistry plays in global health and safety, 
the economy and the environment, and 
provides the opportunity for attendees to 
Share ideas with leading experts in the field.e 
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#WomenlnSTEM - In early February, we Joined the 
global community in celebrating our female scien- 
tists—here Is one of the ways KAUST contributed to 
the global conversation. http:// goo.gl/8rGYWb 





#EngineersWeek - In late February, KAUST celebrat- 
ed the impact engineers have on science, research 
and everyday life. Read about a team of KAUST 
alumni building robots for Saudi Aramco. 
http://buff.ly/10GnBar 


#SciCafeKAUST - How do we innovate supercom- 
puting, fuels, materials and more? Keep track of 
this hashtag to find out, and remember that the next 
Sci-Cafe event takes place on March 23. 





hehe eter #World|IPDay - Intellectual property rights are the 

| cornerstone of innovation. This years observance 
of World Intellectual Property Day is April 26. Follow 
this hashtag for KAUST-related content and to see 
how creativity is being protected and reimagined 
around the world. 


April 26 
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KAUST graduates lead the 
way In robotics research 
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By David Murphy and Caitlin Clark 


In 18 months from September 2012 to February 2014, the 
KAUST-based Saudi Aramco Intelligent Systems Team—all 
graduates of the University—designed and built a robotic 
crawler that can conduct visual and ultrasonic inspection of 
Aramco's steel operational assets and sense gas. The robot 
is operated wirelessly, can move on curved surfaces and 

is compact and self-contained—it is an intelligent system 
capable of detecting steel thinning caused by corrosion in 
tanks, vessels, pipes and other difficult-to-access locations. 


Developing the robotic inspection crawler from a pencil 
drawing to a fully functional prototype in such a short time 
was an industry first, winning the then eight-member team 
the Industry Glory Medal from the International Federation of 
Inventors Association In 2013. 


Saudi Aramco's R&D management envisioned the team 

of KAUST graduates working together on the University's 
Campus as an opportunity to boost both their performance 
and development: strengthen ties between academia and 
industry; and leverage the rapid development of 

robotic technology. 


The Beacon sat down with Pablo Carrasco Zanini, a KAUST 
graduate In mechanical engineering and current unit head 
of the Intelligent Systems Team. Carrasco Zanini outlined 
the process of developing the new technology and the 
excitement It generated among the multinational and multi- 
disciplinary team. 


The Beacon: What brought you to KAUST to study 
mechanical engineering? 


Carrasco Zanini: Towards the end of my 
undergraduate program in mechatronics engineering in 
Mexico, | was looking for exciting opportunities to pursue a 
master’s degree, and | stumbled upon the KAUST program. It 
matched my requirements and seemed a great opportunity 
to work in world-class facilities with an international group 

of people. | applied and was accepted to the scholarship 
program, joining KAUST with the University’s second class of 
students in 2010. 
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The Beacon: Describe the Intelligent Systems Team and 
Saudi Aramco's R&D Center at KAUST in more detail. 


Carrasco Zanini: The Intelligent Systems Team Is a 
multidisciplinary team of research engineers from 10 different 
countries. We operate under Saudi Aramco's Research & 
Development Center, Oil & Gas Network Integrity Division, and 
we are permanently based at our Satellite Research Center in 
KAUST. 


As a team, we focus on identifying operational challenges across 
the energy and chemicals sectors that can be addressed by 
developing novel robotic technologies following a business- 
driven, rapid development approach. 


The Beacon: How would you best describe your research 
and the goals behind it? 


Carrasco Zanini: if | had to pick a word to describe our 
research, | would pick “exciting.” There is always something 
exciting going on in our lab—maybe a new piece of software, a 
new printed circuit board or a new robotic prototype crawling 
around while under test—basically, there is always something 
“cooking.” Robotics as a field of research Is often that way, 
especially when you have passionate researchers behind the 
wheel. 


The team primarily concentrates on solving Aramco's challenges 
and addressing the company's needs, but we also try to create 
value in the Kingdom's economy as much as synergies with 

this permit. 


The Beacon: Describe the inception and development of 
the robotic crawler. 


Carrasco Zanini: We are certainly proud of how far we've 
come with the Saudi Aramco Inspection Robot, or SAIR, as we 
call it. The idea originated from a combination of understanding 
both the customer's needs as well as the state-of-the-art 
commercially available technologies, including their benefits and 
shortcomings. 





We knew that our operation would find great benefit in minimizing the 
expenses and hazards associated with erecting scaffolding for the 
inspection of elevated or hard-to-reach structures, and it appeared 
that no commercially available technology could offer the right 
combination of functionalities and features for the job. 


We targeted three main features: have the robot operate wirelessly; 
achieve a high level of maneuverability on different kinds of curved 
Surfaces; and have the ability to run various kinds of inspection with 
the same device. Our idea went from a sketch on a piece of paper to a 
field-tested prototype in about a year and a half. 


The Beacon: How is your team's research addressing current 
and future challenges related to the Kingdom's energy industry and 
building a knowledge-based economy? 


Carrasco Zanini: Asa part of Aramco's Oil & Gas Network 
Integrity Division, we focus on projects that directly impact our ability 
to sustain reliable operations; for example, preventing failures and 
shutdowns due to loss of integrity in our pipelines. Inspection for 
corrosion is a Subject of great interest in this context, and we address 
this for on-shore and underwater assets. 


At the same time, we keep an eye open for opportunities where 
robotics may assist In promoting growth in the Kingdom's economy, 
and in particular in the energy sector, where we believe that 
renewable energies—including solar energy—is an area where 
robotics will play an important role. 


The Beacon: Where do you envision your type of research Is 
headed in the future? 


Carrasco Zanini: We believe we'll continue to push the 
boundaries of robotics applications in the energy and chemicals 
sectors, tackling more and more challenging tasks—for example, 
moving from inspection and monitoring to repair and maintenance, 
introducing higher levels of autonomy or developing solutions for 
harsh environments. We want to make sure our team is seen as a 
serious player in the field of robotics. 


1. Members of the Saudi Aramco Intelligent Systems Team 
(from L to R) at KAUST: Fernando Diaz, Sahejad Patel, Fadl 
Abdellatif, Abdulaziz Shahrani, Ali Outa, Hassane Trigui, 
Hamad Al Saiari, Pablo Carrasco Zanini, Brian Parrott, Ayman 
Amer, Ali Al Shehri and Ameen Al Obedan. Photo courtesy 
of Saudi Aramco. 


2. Pablo Carrasco Zanini, unit head of the KAUST-based 
Saudi Aramco Intelligent Systems Team and a 2011 KAUST 
master's degree graduate, works in the lab on one of 
Aramco’'s robotic crawlers. Photo courtesy of Saudi Aramco. 


3. A robotic crawler produced by the Saudi Aramco 
Intelligent Systems Team on display in the field. Photo 
courtesy of Saudi Aramco. 


The Beacon: How did KAUST facilities, faculty and staff aid in 
your research? 


Carrasco Zanini: If we are not attending a KAUST seminar, 

we are looking for opportunities to contribute to the community, 
working with the staff of the University’s Core Labs to fabricate a 
new prototype or working with a KAUST professor on a collaborative 
research project. 


The University’s Research Park, where we are based, is a very 
dynamic place where you're always on your toes, waiting to see what 
new discoveries are produced. Being based here helped our team 
deliver faster and better results. 


The Beacon: Overall, what drives you and the rest of the 
Intelligent Systems Team to discovery? 


Carrasco Zanini: | think it's Just in our nature to discover new 
things—we get our kicks from finding new ways to solve a problem 
that no one could before, or from finding alternative and hopefully 
better solutions to problems people have already solved. Obviously, 
this applies to all researchers in general, but for us, to be able to do 
this in a field as awesome as robotics—well it’s a really special thing in 
our work every day. 


As our robotic crawler continues to make progress towards a potential 
market presence, we hope well have more opportunities to share the 
successes of other technologies we're working on as they mature.e 
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The KAUST hydrologic cycle: 


How water is harvested, cleaned, used and 
recycled on campus and In our community 





Seawater is pumped 
from the Seawater 
Intake Pumping 
Station to the KAUST 
Seawater Reverse 
Osmosis Plant (SW/RO). 





In the SWRO, seawater is treated with 
chemicals and passed through a series 
of filters and Toray membranes for 
purification and desalination. 


The potable water is stored 
Ta kelal.comnolmrelisiialelulielaMne 
dalom NO roe imerelaaleleicmevare 


1.1 million =] 4.4 million community. 


showers toilet flushes 
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The SWRO can generate around 40,000 
m3 of clean water per day, which is molkcleltomyisclK=)p 
roughly equivalent to 1.1 million ‘elal <a alelle 






showers or 4.4 million toilet flushes. yLo Melero) aa ke 


























Domestic areas 


nt 


Water is pumped from the 
potable water pumping station 
to various parts of KAUST. 


The Wastewater Treatment Plant 
processes sewage coming from the 
University, community residential areas 
and other facilities in KAUST. This 
converts sewage into a stable end 
product that is post-treated to produce 
irrigation-quality water that meets the 
standards of the Food and Agriculture 
Organization and local authorities. 





The treated water Is 
pumped toa 
Treated Sewage 
Effluent (TSE) tank 
that holds 5,600 m3. 





Wastewater is used to 
irrigate green areas such 
as the University golf 
course and the stadium. 





The future of living—the 
nouse that algae built 







By David Murphy 


Dr. Stefan Hindersin from Germany's Strategic Science 
Consult GmbH introduced the KAUST community to the 
world's first “algae house” during an on-campus lecture 

on January 21. The house, dubbed “BIQ-the Algae House," 
was built between December 1, 2011 and March 31, 2013 In 
Hamburg, Germany. The BIQ house is equipped with 200 
m* of bioreactor facade and is an example of the hoped-for 
future of urban residential living. 


Throughout his career, Hindersin has linked established 
methods in renewable energy production with approaches 
to conduct biotechnological microalgae harvesting. His 
lecture focused on the energy and resource fluxes of the 
algae facade technology. 


A dynamic facade system 


The facade system is based on the production of renewable 
energy through the use of microalgal biomass and thermal 
heat. Microalgae are cultivated and produced in numerous 
photobioreactors that are attached as flat panels on the 
exterior of the building. The photobioreactors produce 

heat and act as a light shield and a temperature and 

noise insulator. 


12| THE BEACON | MARCH 2016 


The facade may also act as a sink for carbon dioxide (CO2) 
through the addition of flue gas to the culture medium 
because algae use CO2 as carbon source to build up 
biomass. CO2 can be supplied by a decentralized combined 
heat and power station or a central heating unit. The facade 
also collects energy by absorbing the light that is not used 
by the algae to generate heat. As in a solar thermal system, 
the stored heat can then be used for hot water and heating 


Living in the future 


Since It began operating in March 2013, the bioreactor 
facade has been continuously monitored for both its 
technical performance and its acceptance by the local 
public and residents. The BIQ house is a promising example 
of the technology available for the production of sustainable 
microalgal biomass and microalgae’s role as an alternative 
renewable energy source for the future. With increasing 
property prices and decreasing land and property options 
available in large urban areas, the building shows how we 
may choose to live in the future. e 





1. The “Algae House” in Hamburg, Germany has 200 m? of biore- 
actor facade and is an example of a sustainable building we may 
inhabit in the future. Photo courtesy of Stefan Hindersin. 


2. Dr. Stefan Hindersin speaks to the KAUST audience about the 
sustainable technology of the “Algae House’ on January 21. 
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Paper skin sensors for 
environmental monitoring 





Everyday materials found in the kitchen, such as aluminum 
foil, sticky note paper, sponges and tape, have been used by a 
team of electrical engineers from KAUST to develop a low-cost 


sensor that can detect external stimuli, including touch, pressure, 


temperature, acidity and humidity. Their work was published 
in the inaugural issue of Advanced Materials Technologies by 
Wiley-VCH (Germany). 


The sensor, which is called Paper Skin, performs as well as 
other artificial skin applications currently being developed while 
integrating multiple functions using cost-effective materials. 


Promising technological applications 


Wearable and flexible electronics show promise for a variety of 
applications, such as wireless monitoring of patient health and 
touch-free computer interfaces, but current research in this 
direction employs expensive and sophisticated materials and 
Processes. 


“Our work has the potential to revolutionize the electronics 
industry and opens the door to commercializing affordable 
high-performance sensing devices,” stated Muhammad Mustafa 
Hussain, KAUST associate professor of electrical engineering 
and principal investigator in the University’s Integrated 
Nanotechnology Lab, where the research was conducted. 


‘Previous efforts in this direction used sophisticated materials 
or processes,” Hussain continued. “Chemically functionalized 
inkjet printed or vacuum technology-processed papers—albeit 
cheap—have shown limited functionalities. Here we show a 
scalable ‘garage fabrication approach using off-the-shelf and 
inexpensive household elements.” 
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Household items for electronic advances 


The team used sticky note paper to detect humidity, soonges 
and wipes to detect pressure and aluminum foil to detect 
motion. Coloring a sticky note with an HB pencil allowed the 
paper to detect acidity levels, and aluminum foil and conductive 
silver ink were used to detect temperature differences. 


The materials were put together into a simple paper-based 
platform that was then connected to a device that detected 
changes tn electrical conductivity according to external stimuli. 


Increasing levels of humidity, for example, increased the 
platform's ability to store an electrical charge, or its capacitance. 
Exposing the sensor to an acidic solution increased its resistance, 
while exposing it to an alkaline solution decreased It. Voltage 
changes were detected with temperature changes. Bringing a 
finger closer to the platform disturbed its electromagnetic field, 
decreasing Its capacitance. 


The team leveraged the various properties of the materials 
they used, including their porosity, adsorption, elasticity and 
dimensions to develop the low-cost sensory platform. They 
also demonstrated that a single integrated platform could 
simultaneously detect multiple stimuli in real time. 


The next steps 


Several challenges must be overcome before a fully 
autonomous, flexible and multifunctional sensory platform 
becomes commercially achievable, explained Hussain. Wireless 
interaction with the paper skin needs to be developed. Reliability 
tests also need to be conducted to assess how long the sensor 
can last and how good its performance is under severe 

bending conditions. 





“The next stage will be to optimize the sensor's integration on 

this platform for applications in medical monitoring systems. The 

flexible and conformal sensory platform will enable simultaneous 
real-time monitoring of body vital signs, such as heart rate, blood 

pressure, breathing patterns and movement,’ Hussain said. 


“We may also transfer the achieved functionalities of the 
technology to biologically grown skin and develop mechanisms to 
connect It to neuronal networks in the human body to assist burn 
victims, for example. Other applications include robotics, vehicular 
technology and environmental surveys, he added. 


KAUST-NSF Research Conference on 
Electronic Materials, Devices and Systems 
for a Sustainable Future 


From March 14 to 16, Hussain and colleagues from KAUST and 

the United States National Science Foundation (NSF) will host the 
KAUST-NSF Research Conference on Electronic Materials, Devices 
and Systems for a Sustainable Future on the KAUST campus. 
There, exciting and groundbreaking work in the electronics field 
like Hussain’s low-cost paper sensor will be highlighted. 


The conference will also provide the opportunity for the KAUST 
scholarly community to exhibit research and innovations through a 
poster presentation session. 


The conference Is made possible with financial support from 

the KAUST Office of Sponsored Research. It is co-sponsored by 
the National Science Foundation, United States of America, the 
KAUST Industry Collaboration Program (KICP) and the Computer, 
Electrical and Mathematical Science and Engineering 

(CEMSE) Division.e 


1. KAUST Associate Professor of Electrical Engineering 
Muhammad Mustafa Hussain. File photo. 


2. Associate Professor Muhammad Mustafa Hussain and team's 
low-cost Paper Skin sensor can detect external stimuli, including 
pressure, touch, temperature, acidity and humidity, and was 
constructed from everyday materials found around the home. 
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Reality check for Red 
Sea wave predictions 


Improved modelling of Red Sea wind and waves by 
KAUST scientists will enhance simulations of ocean- 
Surface conditions in the Red Sea. 


Mathematical wind-wave models are used to illustrate 
past and future ocean surface conditions. They are 
important for coastal oceanographic studies, coastal 
management activities, ocean engineering and maritime 
activities. While satisfactorily accurate for open oceans, 
these models have been inadequate for conditions on 
enclosed seas. 


Predicting conditions in the Red Sea is particularly 
challenging because of the Red Sea's long and narrow 


Shape. “This makes the local conditions extremely sensitive 


to even minor changes in the direction of the driving 
wind fields,” explained Ibrahim Hoteit, KAUST associate 
professor of earth science and engineering. 


The Red Sea basin is bordered by mountain ranges on 
both sides, transforming It into a wind tunnel. In the winter 
months, winds blow in a south-easterly direction from the 
Mediterranean and a north-westerly direction from the 
Gulf of Aden. These two opposing wind systems meet 

in the so-called “Red Sea convergence zone, producing 


complicated wave patterns that depend on small details in 


the driving winds. 


A team of scientists from KAUST and the Institute 

of Marine Sciences in Italy compared predictions of 
WAVEWATCH Ill, a widely used state-of-the-art wave 
model, with actual data from satellites and meteo- 
oceanographic buoys in the Red Sea. 


Their results suggested that current inputs to the model 
do not properly represent the evolution of wind-wave 
patterns, especially in the convergence zone. Even with 
correct or underestimated wind conditions, the model 
tended to overestimate the wave conditions, particularly in 
the convergence zone. By modifying details in the model's 


equations, the team managed to improve the wave-model 


Simulation under opposing wind and wave conditions. 
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“Precise knowledge of sea-state information and its 
climatology would be highly beneficial to marine activities 
ranging from conventional fishing to transportation 

of goods and crude oil,” said KAUST Ph.D. student 
Sabique Langodan. ‘This study developed an accurate 
representation of wave fields in the Red Sea..[and] 
provided a unique opportunity to study the evolution of 
two wave systems of similar amplitude and frequency 
Dropagating in opposite directions.” The study can 

be considered an important contribution to future 
developments of wave models, he explained. 


The team is currently studying how wind and wave 
patterns in the Red Sea have varied over time. They are 
also characterizing wind and wave energy resources 
to identify the Red Sea's potential as a renewable 
energy source.e 








Inversion 
Layer 


Maritime 
Layer 


1. Warm northwesterly winds meet cold southeasterly winds in 
the Red Sea's convergence zone. The warm winds flow on top 
of the cold winds, trapping them and forcing them to reverse 
at a higher altitude. This creates a cloudy zone, unusual for the 
sunny Red Sea. Reproduced with permission from Journal of 
Geophysical Research: Oceans. 


2. Ibrahim Hoteit, KAUST associate professor of earth science 
and engineering. File photo. 
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Carlos Duarte s 
eelgrass research 
published in Nature 


Carlos M. Duarte, KAUST professor of marine science and Tarek 
Ahmed Juffali research chair in Red Sea ecology, and a team of 
researchers have completely sequenced a seagrass genome that 
could be vital to understanding plant adaptation to growth in seawa- 
ter and vulnerability to stresses such as climate change. The team's 
work was published in Nature on January 27. 


Seagrasses are a small set of about 60 species of flowering plants 
that, early in the evolution of higher plants, adapted to life in the 
ocean. They were once a terrestrial species that evolved to grow In 
salt water and now form some of the most productive and ecologi- 
cally important ecosystems in the ocean. 


Zostera marina, the seagrass under study, is commonly known as 
“eelgrass.” It lost a number of genes on its way into the ocean as the 
interaction with insects and the role of compounds emitted to the 
atmosphere in signaling are lost in the sea. Z. marina in turn evolved 
a number of mechanisms to resist salt, which may shed light on 
selective breeding techniques that could make food crops more 
Salt-tolerant. 


"Seagrasses are a neglected group of higher plants that represent 
about one in every 5,000 species. They are of huge significance as 
they are the only marine plants that were able to fully colonize the 
sea, Said Duarte. 


Understanding the Z. marina genome can help elucidate vulnera- 
bilities to global stressors like climate change that are leading to a 
rapid loss of seagrass ecosystems. Studies of the adaptive capacity 
of seagrasses might also help drive more effective conservation 
efforts to these threatened ecosystems. 


‘This has been a long process taking more than seven years. A large 
number of people were required to disentangle the evolutionary 
code contained in the genome of this marine plant,” Duarte noted. 


The Nature letter entitled “The genome of the seagrass Zostera 
marina reveals angiosperm adaptation to the sea’ is the result of a 
research effort led by University of Groningen Professor of Marine 
Biology Jeanine Olsen. 


The international collaboration involved over 35 laboratories around 
the world, including the Groningen Institute of Evolutionary Life 
Sciences (GELIFES), University of Groningen; the Red Sea Research 
Center, KAUST; the Department of Plant Biotechnology and Bioin- 
formatics, Ghent University; and the Dipartimento di Scienze Agrarie 
e Ambientali, University of Udine.e 
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By Ivan Gromicho 


2. Professor Carlos M. Duarte, the Tarek Ahmed Juffali 
research chair in Red Sea ecology. 
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Relax! High-resolution 

Imaging reveals atomic 
structure of an important 
plant stress factor 


By Meres J. Weche 


All organisms use protein-based communication networks to 
perceive and respond to changes in environmental conditions. 
These networks are also used In plants to sense and react to 
stress conditions, such as those resulting from drought or 
attack from pathogens. Increased demand, altered weather 
patterns and emergence of novel pathogens steadily aug- 
ment stress on food crops. Increasing plant resilience is there- 
fore key to assuring food security. If we understand in detail 
the interactions formed between proteins that communicate 
plant stress, we might be able to engineer more stress-toler- 
ant plants. That is why a recent breakthrough by KAUST 
Associate Professor of Bioscience Stefan Arold’s group Is 

of notable importance. 


Making use of the powerful X-rays generated by the SOLEIL 
synchrotron in Paris, France, the KAUST group represented by 
postdoctoral fellow Umar Farook Shahul Hameed became the 
first to determine the atomic 3-D structure of a key protein for 
mediating plant stress signaling. 


Arold explained: “My group Is working on structural biology. 

In particular, we use X-ray crystallography, which is a method 
that allows the visualization of the 3-D atomic structure of 
proteins. The unique 3-D structure, which is made of tens or 
hundreds of thousands of atoms, enables the function of each 
protein, so unraveling the 3-D structure of proteins allows us 
to understand their function." 


Mapping the way towards 
transgenic plants 


The work was carried out at the beamline PROXIMA II of the 
SOLEIL synchrotron, which is equipped with advanced 
microfocus optics that focalize the formidable X-ray beam on 
a surface as small as five micrometers. This setup was used 
to irradiate a tiny crystal formed by the plant enzyme. It took 
Hameed more than six months to optimize this fragile crystal 
of a size of less than one twentieth of a millimeter. The inter- 
actions of the X-rays with electrons making up each atom of 
each protein in the crystal result in a diffraction pattern. 

From this pattern, which consists of hundreds of thousands 
of data points, the 3-D protein structure can be obtained to 
atomic detail. 
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In order to capture the weak diffraction pattern from the tiny 
crystal, the team needed to use the most advanced detector 
for X-ray diffraction experiments, the EIGER 9M, which had 
just been installed at the PROXIMA II beamline. To obtain a full 
data set, the protein crystal is rotated by 0.1 degree, and for 
each rotation, a picture Is recorded until a complete 180-de- 
gree view of the crystal is achieved. The EIGER 9M detector 
has the ability to capture a picture every 0.025 seconds, sens- 
ing every photon. That means it can record the 1,800 picture 
frames in 45 seconds. 


“The EIGER 9M is not only extremely sensitive, but also 
extremely fast. In 45 seconds, Umar was able to obtain very 
beautiful data sets that allowed us to see every detail of the 
molecule,” said Arold. “We not only got the molecule but 
also a cofactor and the ligand, the protein that binds and 
activates it.” 


Arold acknowledges that structure determination would not 
have been possible without the sensitivity and speed of the 
top-notch instrument. “We are very thankful to Drs. William 
Shepard, Martin Savko and Gavin Fox from the PROXIMA II 
beamline for their support and for allowing us to beta-test this 
fantastic setup. I'm glad we became the first to determine a 
novel structure with it,” he said. 


Even though the protein is a tiny component of the plant, it is 
critical for its function and survival. 


"Understanding the precise structure of the protein is signif- 
icant because it plays a crucial role in the plants’ protective 
functions from stress tolerance to invading microorganisms," 
Hameed noted. “When more information becomes available 
based on the structure, It might inspire mutants that can pro- 
duce more resistant plants.’ 


Therefore, the vital step of characterizing the enzyme's 3-D 
structure opens the door to understanding what role it plays 
in plant stress tolerance, and it will guide efforts to produce 
transgenic plants that might grow in desert conditions or in 
high salt concentration areas. 








Although the enzyme is responsible for activating the 
cellular response to environmental stress in plants, similar 
proteins are also found in animals, including humans. 


“Now that we've got the structure, It's surprising how little it 
has changed over the period of 1 billion years since humans 
and plants diverged,” Arold added. ‘It's such an important 
factor that nature hasn't changed its overall structure 

ever since It arose in the unicellular ancestor of plants 

and animals.’ 


Although the protein, in its shape and composition, is highly 
conserved, it is used in many different contexts in different 
Species, Understanding how similar proteins can selectively 
control different functions Is an important challenge. 


The enzyme that Arold and Hameed studied Is derived 
from the plant Arabidopsis thaliana, a model organism used 
in plant biology. Yet there are in fact more than 20 similar 
proteins present in Arabidopsis. Now that the 3-D structure 
has been obtained for one of them, this facilitates the analy- 
Sis of the 19 others. For the Arold group, follow-up work also 
includes studying the structural mechanisms by which the 
plant enzyme interacts with DNA and particular tons. 

These interactions have a central effect in modulating 
stress responses. 


This project to characterize the 3-D structure of the protein 
identified as key for plant stress and immunity is part of a 
collaborative effort with Professor of Plant Science Heribert 
Hirt's plant science group at KAUST. Hirt’s group focuses 

on the fundamental biology of plants at the molecular and 
physiological level, their interactions with the physical (heat, 
salt and drought) and chemical environment, as well as their 
connections to other life forms. 


“This type of interdisciplinary collaboration at KAUST is very 
powerful because we can link the information at the atomic 
level with the entire organism. Together the results should 
produce a beautiful and insightful story,” said Arold.e 
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1. Stefan Arold and Umar Farook Shahul Hameed (right) 
outside the University's Ibn Al Haytham building in 
December 2015. 


2. Umar Farook Shahul Hameed (left) and Stefan Arold 
discuss the structure of the plant protein they studied. 
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By Diane Burgoyne 


Seven KAUST alumni returned to campus on January 14 to speak 
about their careers during the fifth Alumni Lecture Series. After grad- 
uation, the group went to a variety of positions in the United States, 
Mexico, East Africa and Saudi Arabia. In total, the KAUST alumni 
community is represented by over 1,000 alumni In 53 countries. 


Speaker Casey Zakroff, a KAUST master's degree alumnus in marine 
science, is currently a doctoral student and National Science Fellow 
at MIT/W/oods Hole Oceanographic Institution in the U.S. He stud- 
ies the effects of ocean acidification on squid. In his presentation 

he spoke about the importance of communicating science to the 
general public. Through this, he said, the public takes action and aids 
in the development of policy for global issues like climate change. In 
his work, he focuses on the translation of complex scientific data and 
concepts into concise, understandable and engaging information. 


Gary and Kathryn Bolt, KAUST alumni in environmental science and 
engineering, are located in Rwanda working for the Jibu Company 
installing and maintaining water treatment systems. The company's 
goal is to provide a sustainable approach to water aid using a combi- 
nation of for-profit and non-profit business models. Each water-sell- 
ing store creates between four and eight jobs making and bottling 
water. The company also provides small loans, equipment and 
sustainable treatment systems run by solar power. The Bolts travel 
from franchise to franchise, giving advice and training and providing 
maintenance to the water systems. 


Aun Mela graduated from KAUST in 2011 with a master's degree in 
electrical engineering. He is a clean energy analyst in the Renewable 
Energy Department of Saudi Aramco, and Is also working on a sec- 
ond master’s degree in electrical energy from the Georgia Institute 
of Technology. He gave a presentation outlining the domestic, re- 
gional and global outlook on renewable energy resources and their 
increasing cost-competitiveness. He also discussed Saudi Aramco's 
past and present work on renewables. 
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Perdana Prihartato received his master’s degree and his Ph.D. from 
KAUST in marine science in 2010 and 2014, respectively. He now 
works as an environmental scientist at Saudi Aramco, where he 
helps mitigate the company's impact on the marine environment. He 
noted how Saudi Aramco is committed to environmental protection 
through initiatives such as its carbon management program, which 
uses carbon sequestration, and its mangrove Eco-Parks and offshore 
islands, which are part of Aramco's biodiversity program. Aramco 
also Initiated the first industrial “blue carbon’ program that calculates 
the carbon sequestration in the marine environment (by mangroves, 
seagrass and Salt flats, for example). 


Fernando Figueroa Ortega is a 2010 master’s degree recipient in 
environmental science and engineering. After graduation, he joined 
the industrial ecology master’s program of the European Commis- 
Sion, studying in Austria and the Netherlands and working for Shell. 
He now works in Mexico, where he coordinates industry self-regula- 
tory programs of the Guanajuato Environmental Agency. In his pres- 
entation, Figueroa Ortega spoke about tackling major challenges 
through interdisciplinary mechanisms—using methods from several 
disciplines to solve a problem. He presented his career experience 
as a case study and discussed how knowledge gained during grad- 
uate studies can be adapted. 


Dhafer Alsalah, a 2014 KAUST master's degree recipient in environ- 
mental science and engineering, now works as an environmental 
researcher at King Abdulaziz City for Science and Technology in 
Riyadh. He spoke about the consequences of antibiotic overuse on 
ground water, noting a study of the wells used by pilgrims during the 
Hajj and the effect of antibiotic use in a nearby poultry farm on the 
downstream groundwater.e 















1. Alumni speakers (L to R) Dhafer Alsalah, Aun Mela, 
Kathryn Bolt, Perdana Prihartato, Gary Bolt and Casey 
Zakroff pose with Dean of Graduate Affairs Brian Moran, 
KAUST President Jean-Lou Chameau and Graduate 
Affairs Alumni Coordinator Teemu Hentunen. 


2. Fernando Figueroa Ortega answers a question during 
the fifth Alumni Lecture Series about adapting what is 
learned in graduate school to future jobs. 


3. Perdano Prihartato speaks about industrial blue 
carbon mitigation. 


4. Aun Mela discusses renewables in the age 
of sustainability. 
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My University 


Francesca Serra hails from Trieste, an Italian 
city located on the border with Slovenia. 
After receiving her Ph.D. in applied chemistry 
from the University of Ghent, she spent nine 
years working for the European Commission 
developing protocols to implement anti-fraud 
EU laws. While concentrating on fraud issues 
concerning salmon, wine, butter and tartaric acid, 
She began to move into a scientific communications 
role, working on videos and promotional materials. 





At KAUST, Serra is a communications coordinator in the University’s 
Computer, Electrical and Mathematical Science and Engineering 
(CEMSE) Division. 


“Although | was offered positions in Afghanistan and East Timor with 
the European Delegation before joining KAUST, | wanted to come here 
because | had studied Arabic for a few years, and was intrigued by the 
thought of living in Saudi Arabia,” she said. 


Serra loves the multicultural and unique environment of KAUST. “The 
University is more than | expected in every possible aspect,” she said. 
‘At first | thought such a multicultural work environment might be 
tricky, but it is actually fantastic, and the campus Is a mesmerizing 
experience for the eyes. | also enjoy exploring outside of KAUST—iIn 
Al-Balad, | go to discover new paths between the old buildings and 
listen to the buildings’ stories.” 


‘Lam sure KAUST will have a bright future,” she continued, “and will be 
a beacon for the Kingdom and the entire world. I'm proud that some 
beams of that light have my colors."e 


This month's submission comes from 
Gabriel Buchel, a postdoctoral fellow 
in the Biological & Organometallic 
Catalysis Laboratories, part of the 
KAUST Catalysis Center (KCC). 


For almost all of 2015, Buchel lived 
in New York, where he was working 
in collaboration with Memorial 
Sloan Kettering Cancer Center. 
There he developed a new tool 

for intraoperative imaging using 
chemiluminescence. 


“My photo was taken in Midtown, and 
Shows the Empire State Building right 
behind me,” Buchel said. “You can 
also see the Chrysler Building in the 
background on the left side of the 
picture.” 


Buchel enjoyed his time in the “Big 
Apple" because ‘it’s a true metropolis 
with lots of different cultures living 
there and many excitements to be 
found,’ he explained. ‘l especially 
enjoyed Central Park changing 
throughout the seasons and the 
different views over Manhattan from 
various high-rise buildings.’e 
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KAUST hosts Prince 
Khaled Al-Faisal 


Prince Khaled Al-Faisal, emir of Makkah and advisor to the Custodian 
of the Two Holy Mosques, launched a number of educational, social 
and health projects in Thuwal on February 9. 


The projects included seven schools for boys and girls, drainage 
projects, a medical complex and five mosques, including Omar Bin 
Khattab Mosque, which has a capacity for 1,500 worshipers. Prince 
Khaled also inaugurated the Thuwal Cultural Park, which consists of 
playgrounds for children, a heritage souk, restaurants, wedding halls 
and green spaces, the Saudi Press Agency reported. 


KAUST organized an celebratory event on the same day to 
commemorate the emirs visit to Thuwal. 


Several ministers accompanied Prince Khaled during his inspection 
tour of Thuwal. They included Minister of Petroleum and Mineral 
Resources Ali Al-Naimi, who is chairman of the board of trustees of 
KAUST; Minister of Health Khaled Al-Falih, who is chairman of the 
board of Saudi Aramco; Minister of Education Ahmad Al-lIssa; Min- 
ister of Islamic Affairs Sheikh Saleh Al-Asheikh; Municipal and Rural 
Affairs Minister Abdullatief Al-Asheikh; Social Affairs Minister Majed 
Al-Qasabi; and Minister of Transport Abdullah Al-Muqpbil. The emir 
also toured the pavilions of the productive family exhibition. 


Speaking in Thuwal at the event, Prince Khaled saluted the 
outstanding contributions of the late King Abdullah, and noted 
especially the significance of KAUST for the Kingdom and the world.e 





pol quasi! quoll pals sitio final! alls poill Stoll goull Galo 1 


ap Ylooiuy punoll rorl jgiSall puloill pyjg ipllao g .aoj5oll ao aahio 
Nandi! Qui) Gali poll obi quaigoll dud yo Ugi ilcgpito Jga Undo 


Cua pill quopll pald ylitiwo _joxall alls poll pSloll gow! ualo 3,2 
asolall Gus aijhj cli] aoj4oll a40 aaihio pol 





abulg auiaill gis Galil aulig gl aol! algb pghi abs yl possill aSIg 
Ayball Ipilag lpitug lgilyi te Blaallg JAgili!! Joc Woyag [glad jlotiwl! yoy6 
aolip Gl (0 gl ail aodg ric Jooll quo [gous (pill laa! Joao ra 

“dg pghi 


gSolj! @5yis Gyla} yulro quyiy 2c! pig allall alls uaigoll pulloo yAriulg 
Cini aa!” allall lag Gouall lS poi loyad Ulio ,aiolS aylay na ayagouull 

ole auidillg pglol! alllac eWall dools aliial ric ay 4! pS gow aol Wij4SI4 pa 
ol cual ela ding (Syglcla cai [lod «Lidl Gale Ug ill alloll) pila lous . 21431 
"héiimwol! slaoiwwlg ySbll cli jpaaill das Lpdai jaloy 

Glo Lit! Groiill 24looll doi andl jono Swwai” Gy na gi and yl allall piclg 
Ghat ppl! lgiao (nd lpalloo Aaj a] 24Looll clail JS outst pill alolSiall 

4 Loollg Igaljbl proljig lgcigi bari Agiig uyéllg Lgilduu aalidg Igors 
Lauicg Lpayt (ndg lpila (pd aucling qalnial Lao droilll aio yinoi alll aor 
ga UAo (na yoiill pari Ug yAl cia Glual lpio leja Jaai U lgigiag lp!Laiiig 
poll Lilli l3}g ,azoiig atisi like Ylég jyjc lS Loy! wbgll dy! yo put J4a Al 


iad (yo Ipionle Gdgi aid (yo gull laagdy G4Looll yi alall aS/g."lialgyb aic agai 


calcill yillaoll Ips 44bg wall Lpilail US ll ndyllg gbil doyj4Il day riot Gog 

vaill gall yalic US Gyatai Yul cydpiill oyall pald 4G) Cari dyoiilg ale 
ali Log pulaillg adjooll (fio ylaaj Hl Ika cll agéu Ug .ailll ab ylaajUl lp) gai 
lia ol] Culog 24 Jail pllall polic {i liioby Iai ina 


duoiig Ql pghi" 4 atigic adida 12 aino quad alllaic oll dooly Supjc 05 
@.dgi Glcgpito aaa f5 aia CUjiAl “YS 


$ nj lAdlao (na aagaill laa Gui yl Wd da 

Cai lgill aSall aia Gui IgSau yb clyjgll nilgal poa Cail pill 
do)Soll 240 Glbalao (nal (na Ipauhi yl W pa 

ndg dadidll Gulllg gaily na aHalao J4 (na aagoill laa Aaii yl Liobiwl g! 
Jab adgoil Ie (ni Ul api. pgoallg Gay AoA! Ani) Ayb aol 
ai4Soodl ad tSill 

jD40g Uc!log pap gorog (pduitimo bhAo 5 (nd Yori yl lle lo JS 
Ligill cunlal 14] Jiao dla Qu aib ug pitidlg Culitiol! yo layeg incloial 
qlocUlg 


jSyoll oll aagi pi aaiioll pull yoo (nd Ugaiad UL poll gow yl4g 
aylitall inl laaabiig cgpito JS uc elyjgll yo Undo api yal! goiwlg pylAall 
acla (nd Guuliol! aig IS Has auidillg ogloll alllac eWoll doola Crobig 
ynowoill (nle uaigall pulloo Yndlig ots yldaall Soll yng GypAl! oluulioll 
doolall dol4 aillauc ella! @oola cliol wulro quuiy Asiaall dgyillg Ugyiull psig 
SAU calaal aloa enle Cu upgbill Glegpitoll aaa Guauil si! yl Iga adgl 
ygbi Yao Cusy lps Busy nll yao! goinollg acolall yglai slic Hl na 
aroiill yaya jagig ealioll Jali utc pgai aoyj5 dling Joc din Wugrig 

lo4 .poirallg aoolall :uapbll (nlc Laailga yu4Soii (pill aabioll aolaiwoll 
GulgGuoll aoly (yo aac Lgiliti| dio Cain’ Guidiillg pglol! alllauc elloll doola yy! 
wog Wy yuulu! dag aizaiig lui! pghi yl! agi ynillg gi ina Gycloia HI 
“aoolall Lalaal pal aa! 


a0;50ll 40 adbio pol quapill quojall pals jLitiwo ouall WLS poll! aiial 
pa clyjg di jgAsy (aaa aalao louis 115 87) Iai dab pighi ayjlito Ago 
cliol qulro qui) Gyiaoall gyillg Ugyiull pig proyaill pple uaigall loo 
2roll pig allall lA quaigall allo auidillg pgloll aillauc ellall doola 
Anil! UT aubUlac yuaigall loo ,xloill pig uuuall aoal ygiSall loo 
Arcloin Ul yggill jg yunall aabo ygiSul plloo augyallg wall ygquull jrjg 
Jail pig Uudoll alllac wuaigall plloog 





pglol! al/lauc loll doola yl! yuol alin Ung 34 Uouall alls poll gow yldg 
Wu] a4y Ul ud [gadlpo addi pi lgilalcg lgilaliag Lguui) a0 poirlg aidillg 
5g Gunny Glalic uc ingity lub loorog Glidlg Gi quylao au aitad Jgi 
aujlito uc Ha Uno 1500 aus pall GLAM! w yor gola lgoadiy arbi 
Lily laguug Ula! ico yngay (nll yrylalll Ugi ajiio aliialg Uquull ayn 
Cola (ill Glegpitall aaa (Sg afi! clyAs Glluwog Ylaial Glclag pclhog 
uo Laauaii ai Lgile Calyiitlg Ip) bubAiL auidiillg ogloll allac elall doola 
@agag dilas Glgiwoll ule! leg Gagowll g4olyl aSyi GUA 


yg ya (pAll Gayll jS3ii Gl Gay .clagll yo" aiolS (nd Uouall lA poll [lag 
Guay pil Goal palA gag Gidillg pglall alllaxc ella! aoola egpito Aaig 
Jay els usta! cajoy U pall Gayl ells alll aoay jjollare qy alllac ela! 
oboll ogull Ua pS3i1g pS! ain Croloig ayac Cuigiw aioady Capit (pall 
ailgic hgll aaian (pd Uldo cuid (pil }SAilg .aoolal! aaa aia aiial (pall 
UibAii yl ySoy L415 cy 454 (nil }S4ilg Yglela gai Lalo Lidyl (nad gill alloll 
loyghi Coyidlg gi all alll aay a) Gaping .goiroll yail Laylquul liiools 
ull apoill palag Igaaig Jgi pghi Iguyal pool plc pjgll Ula lpiroiig 
.ogull lpahai 

aingSs (nd allay! diagill yo lyjog ylolw ello! IyAuig alloc ello! |yAuih 
duuill Lola ylS nll cgpitoll laa gi aylinay (riggs pS! an! Ug ail 
Glailg daalg dylal Cai Guulja Unle Adi cgpito ai y4OIg Quniwo ail) qu uu 
alain dcjuug 

Ipurog Now fool! ylaa ala] Gaagig ol4ll jail clad agpall Gaagi 
Hod Laagail egyitoll aunl adg Leagoi yg) yl lal cuiS egyitoll laa lidiog 


